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DRIVING APPARATUS FOR DRIVING A

MULTI-PHASE LOAD, A CONTROLLER

THEREOF AND A CONTROL METHOD
THEREOFK

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority of Taiwanese Patent
Application No. 105119854, filed on Jun. 24, 2016.

TECHNICAL FIELD

The disclosure relates to driving techniques, and more
particularly to a driving apparatus for driving a multi-phase
load, to a controller thereof, and to a control method thereof.

BACKGROUND

A conventional driving apparatus uses space vector pulse
width modulation (SVPWM) techniques to generate ten
PWM signals with a PWM period that has a duration
corresponding to a carrier frequency. The conventional
driving apparatus controls, based on each PWM signal,
operation of a respective one of ten switches thereof
between conduction and non-conduction, so as to convert a
direct current (DC) mput voltage ito five output voltage
signals for driving a five-phase motor, thereby generating
five alternating current (AC) phase currents that flow
through the five-phase motor. The phase currents have the
same fundamental frequency that 1s lower than the carrier
frequency, and an m” one thereof lags a first one thereof by
[ 72x(m-1)]° 1n phase, where 2=m=5.

In order to reduce the total harmonic distortion of the
phase currents, the carrier frequency must be increased (1.e.,
the duration of the PWM period must be decreased). How-
ever, a higher carrier frequency leads to more switchings and
thus more switching loss for each switch, and to lower
conversion efliciency of the conventional driving apparatus.

SUMMARY

Therefore, an object of the disclosure 1s to provide a
driving apparatus that can alleviate the drawback of the prior
art, a controller thereof and a control method thereof.

According to one aspect of the disclosure, the driving
apparatus 1s used to drive a multi-phase load, and includes
an 1nverter and a controller. The mverter 1s used to receive
an 1nput voltage, and receives a plurality of pulse width
modulation (PWM) signals. The inverter converts, based on
the PWM signals, the mput voltage into a plurality of output
voltage signals that are used to drive the multi-phase load.
The controller includes a sequence generating module, a
selecting module and an output generating module. The
sequence generating module receives a plurality of duty
cycle values, and generates a first switching sequence and at
least one second switching sequence based on the duty cycle
values. The selecting module 1s coupled to the sequence
generating module for recerving the first and second switch-
ing sequences therefrom. The selecting module selects, to
serve as a selected switching sequence, one of the first and
second switching sequences that 1s determined to make a
plurality of phase currents which flow through the multi-
phase load due to the output voltage signals have lowest total
harmonic distortion. The output generating module 1s
coupled to the selecting module for recerving the selected
switching sequence therefrom, and 1s coupled further to the

10

15

20

25

30

35

40

45

50

55

60

65

2

inverter. The output generating module generates the PWM
signals for the mverter based on the selected switching
sequence. Each of the PWM signals 1s transitionable
between a first state and a second state. The first switching
sequence corresponds to that each of the PWM signals
transitions two times during a PWM period of the PWM
signals. Each of the at least one second switching sequence
corresponds to that each of at least two of the PWM signals
does not transition during the PWM period, and that each of
remaining ones of the PWM signals transitions at least two
times during the PWM period. A total number of the
transitions occurring in the PWM signals during the PWM
pertod when any one of the at least one second switching
sequence 1s selected equals a total number of the transitions
occurring in the PWM signals during the PWM period when
the first switching sequence 1s selected.

According to another aspect of the disclosure, the con-
troller 1s used to control an inverter to convert an input
voltage 1nto a plurality of output voltage signals for driving
a multi-phase load. The controller includes a sequence
generating module, a selecting module and an output gen-
erating module. The sequence generating module receives a
plurality of duty cycle values, and generates a first switching,
sequence and at least one second switching sequence based
on the duty cycle values. The selecting module 1s coupled to
the sequence generating module for receiving the first and
second switching sequences therefrom. The selecting mod-
ule selects, to serve as a selected switching sequence, one of
the first and second switching sequences that 1s determined
to make a plurality of phase currents which flow through the
multi-phase load due to the output voltage signals have
lowest total harmonic distortion. The output generating
module 1s coupled to the selecting module for recerving the
selected switching sequence therefrom. The output generat-
ing module generates, based on the selected switching
sequence, a plurality of pulse width modulation (PWM)
signals which are used to control the inverter, and each of
which 1s transitionable between a first state and a second
state. The first switching sequence corresponds to that each
of the PWM signals transitions two times during a PWM
period of the PWM signals. Each of the at least one second
switching sequence corresponds to that each of at least two
of the PWM signals does not transition during the PWM
period, and that each of remaining ones of the PWM signals
transitions at least two times during the PWM period. A total
number of the transitions occurring in the PWM signals
during the PWM period when any one of the at least one
second switching sequence 1s selected equals a total number
of the transitions occurring 1n the PWM signals during the
PWM period when the first switching sequence 1s selected.

According to yet another aspect of the disclosure, there 1s
provided the control method for controlling, using a con-
troller, an inverter to convert an input voltage into a plurality
of output voltage signals for driving a multi-phase load. The
control method includes the steps of: generating, by the
controller, a first switching sequence and at least one second
switching sequence based on a plurality of duty cycle
values; selecting to serve as a selected switching sequence,
by the controller, one of the first and second switching
sequences that 1s determined to make a plurality of phase
currents which flow through the multi-phase load due to the
output voltage signals have lowest total harmonic distortion;
and generating based on the selected switching sequence, by
the controller, a plurality of pulse width modulation (PWM)
signals which are used to control the inverter, and each of
which 1s transitionable between a first state and a second
state. The first switching sequence corresponds to that each
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of the PWM signals transitions two times during a PWM
period of the PWM signals. Each of the at least one second
switching sequence corresponds to that each of at least two
of the PWM signals does not transition during the PWM
period, and that each of remaining ones of the PWM signals
transitions at least two times during the PWM period. A total
number of the transitions occurring in the PWM signals
during the PWM period when any one of the at least one
second switching sequence 1s selected equals a total number
of the transitions occurring 1n the PWM signals during the
PWM period when the first switching sequence 1s selected.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the disclosure will
become apparent 1n the following detailed description of the
embodiment with reference to the accompanying drawings,
ol which:

FIG. 1 1s a block diagram illustrating an embodiment of
a driving apparatus according to the disclosure 1n use with
a five-phase load;

FI1G. 2 1s a circuit block diagram illustrating an inverter of
the embodiment;

FIGS. 3 and 4 are block diagrams cooperatively 1llustrat-
ing a controller of the embodiment;

FIG. 5 1s a plot illustrating an exemplary first switching
sequence of the embodiment;

FIGS. 6 to 9 are plots respectively 1llustrating four exem-
plary second switching sequences of the embodiment;

FIG. 10 1s a timing diagram illustrating five pulse width
modulation (PWM) signals of the embodiment that are
generated when the exemplary first switching sequence
shown 1n FIG. 5 i1s selected;

FIG. 11 1s a timing diagram illustrating the five PWM
signals that are generated when the exemplary second
switching sequence shown in FIG. 8 1s selected;

FIG. 12 1s a flow chart illustrating a control method
performed by the controller;

FI1G. 13 1s a plot illustrating a spectrum of a phase current
that flows through the five-phase load under a predetermined
circumstance where the PWM signals are always generated
based on the first switching sequence;

FIG. 14 1s a plot illustrating a spectrum of the phase
current in the embodiment; and

FIG. 15 1s a plot illustrating total harmonic distortion

versus amplitude characteristic under the predetermined
circumstance and in the embodiment.

DETAILED DESCRIPTION

Referring to FI1G. 1, an embodiment of a driving apparatus
10 according to the disclosure i1s used to drive an M-phase
load 100 (e.g., an M-phase motor 1n a wye or delta configu-
ration). For illustration purposes, M=5 1n this embodiment.
The dnving apparatus 10 of this embodiment includes an
inverter 1 and a controller 2.

Referring to FIG. 2, the mverter 1 1s used to be coupled
to a direct current (DC) power source 3 and the five-phase
load 100. The mverter 1 receives a DC 1nput voltage (V)
from the DC power source 3, and further receives a number
(2xM) (ten 1n this embodiment) of pulse width modulation
(PWM) signals (y,-Ys, Y;-Vs). The inverter 1 converts, based
on the PWM signals (y,-Ys, Y{-Ys), the input voltage (V)
into a number (M) (five 1mn this embodiment) of output
voltage signals (V -V ) that are used to drive the five-phase
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load 100, thereby generating a number (M) (five 1n this
embodiment) of phase currents (1_,-1_,,) that tlow through
the five-phase load 100.

In this embodiment, the inverter 1 includes a number M
(ive 1 this embodiment) of legs 11-15. Each leg 11-15
includes a first switch 111 and a second switch 112 that are
coupled to each other. The first switches 111 of the legs
11-15 are used to be coupled further to a positive terminal of
the DC power source 3. The second switches 112 of the legs
11-15 are used to be coupled further to a negative terminal
of the DC power source 3. The first and second switches 111,
112 of the legs 11-15 respectively receive the PWM signals
(Y,-Ys, Y1-Vs), and are each operable between conduction and
non-conduction based on the respective PWM signal (y,-y-,
Y1-Vs). Each output voltage signal (V _-V_) is provided at a
common node between the first and second switches 111,
112 of a respective leg 11-15.

In this embodiment, each PWM signal (y,-Ys, Y{-Ys) 1S
transitionable between a first state (e.g., a logic high level)
that corresponds to the conduction of the respective switch
111, 112, and a second state (e.g., a logic low level) that
corresponds to the non-conduction of the respective switch
111, 112. For each leg 11-15, the two corresponding PWM
signals (y;-Vs, Y;-Vs) are complementary to each other, such
that: (a) when one of the first and second switches 111, 112
conducts, the other one of the first and second switches 111,
112 does not conduct; (b) when the first switch 111 conducts
and the second switch 112 does not conduct, the respective
output voltage signal (V _-V ) equals the mput voltage (V , );
and (c) when the first switch 111 does not conduct and the
second switch 112 conducts, the respective output voltage
signal (V _-V ) 1s zero. In other words, each output voltage
signal (V_-V ) 1s transitionable between the input voltage
(V ,.) and zero.

Referring to FIGS. 3 and 4, the controller 2 includes a
reference generating module 21, an oflset generating module
22, an adding module 23, a sequence generating module 24,
a selecting module 235 and an output generating module 26.

Referring to FIG. 3, the reference generating module 21
generates a number (M) (five 1n this embodiment) of refer-
ence values (r,-r<) that respectively correspond to a number
(M) (five 1n this embodiment) of predetermined reference
phase voltage curves. The predetermined reference phase
voltage curves have the same fundamental frequency of 1
and the same peak amplitude, and an m” one thereof lags a
first one thereof by [(360/M)x(m-1)]°([72x(m-1)]° 1n this
embodiment) i phase, where 2=m=M (2Z=m=5 in this
embodiment). Each reference value (r,-r.) changes over
time, and sequentially equals samples of the respective
predetermined reference phase voltage curve that are nor-
malized to the mput voltage (V ), and that are taken at a
carrier frequency of 1. which 1s higher than the fundamental
frequency of 1, (1.e., T >1,). The peak amplitude of the
predetermined reference phase voltage curves 1s suflicient to
make a difference between a maximum one and a minimum
one of the reference values (r,-r;) less than one (1.e.,
max(r)-min(r)<l, where max(r) and min(r) respectively
denote the maximum and minimum reference values).

The offset generating module 22 1s coupled to the refer-
ence generating module 21 for receiving the reference
values (r,-r;) therefrom, and generates an offset value (V, )
based on the reference wvalues (r,-r.), where
—min(r)<V, ,<l-max(r). In this embodiment, V, ,~0.5-0.5x
[min(r)+max(r)].

The adding module 23 is coupled to the reference gener-
ating module 21 for receiving the reference values (r;-r:)
therefrom, and 1s coupled further to the oflset generating
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module 22 for receiving the oflset value (V, ., therefrom.
The adding module 23 adds up each reference value (r,-r;)
and the offset value (V, .;) to generate a respective duty cycle
value (d,-d;) (1.e., d_=r_+V .., where 1=m=35). The oilset
value (V, »,) makes each duty cycle value (d, -d;) greater than
zero and less than one (1.e., 0<d_<1, where 1=m=5).

Referring to FIGS. 2 to 4, the sequence generating module
24 1s coupled to the adding module 23 for receiving the duty
cycle values (d,-d;) therefrom, and generates a first switch-
ing sequence and at least one second switching sequence
based on the duty cycle values (d,-d.).

The selecting module 25 i1s coupled to the sequence
generating module 24 for recerving the first and second
switching sequences thereirom, and 1s coupled further to the
reference generating module 21 for receiving the reference
values (r,-r5) therefrom. Based on the first and second
switching sequences and the reterence values (r,-r5), the
selecting module 25 selects, to serve as a selected switching
sequence, one of the first and second switching sequences
that 1s determined to make the phase currents (1 ,-1_»,) have
lowest total harmonic distortion.

The output generating module 26 1s coupled to the select-
ing module 23 for receiving the selected switching sequence
therefrom, and 1s coupled further to the first and second
switches 111, 112 of the legs 11-15. The output generating
module 26 generates the PWM signals (y,-Ys, V{-Ys) respec-
tively for the first and second switches 111, 112 of the legs
11-15 based on the selected switching sequence.

Referring to FIGS. 5 10 9, 1n this embodiment, four second
switching sequences are generated, and each of the first and
second switching sequences corresponds to a respective
PWM signal combination, which 1s a candidate for the
combination of the PWM signals (y,-vs, Y:-Ys) to be output-
ted by the output generating module 26. As shown 1n FIG.

5, the first switching sequence includes a number (M+1) (s1x

== ==
in this embodiment) of vectors (V,-V.) which are arranged

sequentially, and each of which has a respective duration. As
shown 1n FIGS. 6 to 9, each second switching sequence

includes a number (M+1) (six in this embodiment) of

vectors (V ?'-VZ') which are arranged sequentially, and each

of which has a respective duration.
Referring to FIGS. 2 and 5 t0o 9, 1n this embodiment, each

vector (V:; -VZ, V?‘-VZ‘) includes a number (M) (five 1n thas

embodiment) of bits (b,-b.) (i.e., V.. or V_'"=[b, b, b, b, b.],
where 1=m=6). In order to facilitate description of this
embodiment, [b, b, b; b, b.] i1s alternatively expressed as a
value of b, x2%+b,x2°+bx2°+b,x2" +b.x2° hereinafter. For
cach of the first and second switching sequences, the bits
(b,-b.) respectively represent the states of the PWM signals
(v,-vs) 1 the respective PWM signal combination, and
respectively represent the states of the PWM signals (y,-Y<)
in the respective PWM signal combination. Each bit (b,-b.)
of, for example, logic ‘1’ represents that the corresponding
PWM signal (y,-y5) 1s at the first state (1.e., the correspond-
ing first switch 111 conducts), and that the corresponding
PWM signal (y,-ys) is at the second state (i.e., the corre-
sponding second switch 112 does not conduct). Each bit
(b,-b;) of, for example, logic ‘0’ represents that the corre-
sponding PWM signal (v,-v<) 1s at the second state (i.e., the
corresponding first switch 111 does not conduct), and that
the corresponding PWM signal (y,-v) is at the first state
(1.e., the corresponding second switch 112 conducts).
Referring to FIGS. 2 to 5 and Table 1 below, 1n this

embodiment, the predetermined reference phase voltage
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curves may result in a number (2xM) (ten 1n this embodi-
ment) of different descending sequences of the duty cycle
values (d,-d;) as shown in Table 1 below. For the first
switching sequence, as shown in Table 1 below, a first one

of the vectors (V;) is [0 0 0 0 0]=0, and an (m+1)” one of
the vectors (V. ;) differs from an m” one of the vectors (\7;)

by one of the bits (b,-b.) that represents the state of one of
the PWM signals (y,-ys) which has an m” largest one of the
duty cycle values (d,-d;) in the corresponding PWM signal
combination, where 1=m=5. For example, under a circum-

—
stance where d,>d,>d.>d;>d,, the second vector (V,) 1s [1

0 0 0 0]=16 (1.e., diflers from the first vector (V) by the bit
(b,) that corresponds to the PWM signal (y,) having the
largest duty cycle value (d,) in the corresponding PWM

11000]=24

(1.e., differs from the second vector (V;) by the bit (b,) that
corresponds to the PWM signal (y,) having the second
largest duty cycle value (d,) in the corresponding PWM

—
signal combination), the third vector (V;) 1s

signal combination), the fourth vector (V,)1s[1 100 1]=25

(1.e., differs from the third vector (\73) by the bit (b;) that

corresponds to the PWM signal (v<) having the third largest
duty cycle value (d;) in the corresponding PWM signal

combination), the fifth vector (\75) 1is [1 110 1]=29 G.e.,

differs from the fourth vector (\7:1) by the bit (b;) that

corresponds to the PWM signal (v5) having the fourth largest
duty cycle value (d,) in the corresponding PWM signal

combination), and the sixth vector (\76) 1is [1 111 1]=31

(1.e., differs from the fifth vector (Vs) by the bat (b,) that
corresponds to the PWM signal (y,) having the fifth largest
duty cycle value (d,) mn the corresponding PWM signal
combination).

TABLE 1

second switching
sequences

first switching

arrangement sequence

d, >d, >ds >d; >d, {0, 16, 24, 25,29, 31} {16, 0, 16, 24, 25, 29}
{24, 16, 24, 25, 29, 31}
{0, 16, 24, 25, 29, 25}
{16, 24, 25, 29, 31, 29}
{8, 0, 8, 24, 28, 29}
{24, 8, 24, 28, 29, 31}
{0, 8, 24, 28, 29, 28]
{8, 24, 28, 29, 31, 29}
{8,0, 8, 12, 28, 30}
{12, 8, 12, 28, 30, 31}
{0, 8, 12, 28, 30, 28]
{8, 12, 28, 30, 31, 30}
{4,0, 4,12, 14, 30}
{12, 4, 12, 14, 30, 31}
{0, 4, 12, 14, 30, 14}
{4, 12, 14, 30, 31, 30}
{4,0,4,6, 14, 15}
{6, 4, 6, 14, 15, 31}
{0, 4, 6, 14, 15, 14}
{4, 6,14, 15, 31, 15}
{2,0,2, 6,7, 15}
{6,2,6,7,15, 31}
{0,2,6,7,15, 7}
{2,6,7,15, 31, 15}
{2,0,2,3, 7,23}
{3,2,3,7, 23,31}
{0,2,3,7,23,7)
{2,3,7, 23,31, 23}

d, >d; >d3y >ds>d, A0, 8, 24, 28, 29, 31}

d, >dy>d, >d, >ds {0, 8, 12, 28, 30, 31}
dy >d, >d, >d; >ds {0, 4, 12, 14, 30, 31}
dy >d,>d, >dg>d; {0,4,6, 14, 15, 31}
dy >d; >ds >d, >d,

{0,2,6,7,15, 31}

dy>ds>dy>d; >d, {0,2,3,7,23, 31}



US 9,831,802 Bl

7
TABLE 1-continued

first switching
sequence

second switching

arrangement sequences

ds>d, >d, >d;>d, {0, 1,3, 19,23, 31} {1,0, 1, 3, 19, 23}
{3, 1, 3, 19, 23, 31}
{0, 1, 3, 19, 23, 19}
{1, 3, 19, 23, 31, 23}
{1,0,1, 17, 19, 27}
{17, 1, 17, 19, 27, 31}
{0, 1,17, 19, 27, 19}
{1,17, 19, 27, 31, 27}
d, >d; >d, >d, >d, {0, 16,17, 25, 27,31} {16,0, 16, 17, 25, 27}
{17, 16, 17, 25, 27, 31}
{0, 16, 17, 25, 27, 25}
{16, 17, 25, 27, 31, 27}

ds >d, >d,>d,>d; {0,1, 17,19, 27, 31}

Avectorof [00000]=0or[11111]=31 1s a so-called

zero vector which corresponds to that the output voltage
signals (V -V ) are the same 1n magnitude, and that a

number (M) (five in this embodiment) of line-to-line volt-
ages (mncluding V _ =V -V, V,=V. -V, V_~=V -V,
V.=V -V _andV__=V -V )are all zero. A vector other than
[00000]=0and [111 1 1]=31 1s a so-called active vector
which corresponds to that at least one of the output voltage
signals (V _-V_) 1s diflerent from remaining ones of the
output voltage signals (V_-V ) in magnitude, and at least one
of the line-to-line voltages (V_,, V, .V _. V.. V__)1s not
zero. It 1s known from Table 1 above that, regardless of the
arrangement of the duty cycle values (d,-d;), the first and

—_— —
last vectors (V,, V) of the first switching sequence are zero

== =~
vectors, and remaining vectors (V,-V:) of the same are

active vectors.

In this embodiment, a PWM period of the PWM signals
(Y1-Ys> Y1-Vs) has a duration of T, that corresponds to the
carrier frequency of . (1.e.,T,,,=1/1.), and the durations of

MR

== -
the vectors (V{-V¢) of the first switching sequence within an

carly portion of the PWM period are respectively

T, =V, a+min(r)]/[1-max(r)+min(r)] } x(1-d, ;,)xT,,,,=
[(1 _dlsx)/z]Xprm: Tzz[(dlsrdznd)/z]Xprm: 15=((d,,, 4~

ds,)/ 2]Xprm5 T,=(d3,~day,) 2]Xprm5 T's=[(d4y,—ds,,)
2|xT and Tg=(ds,;,/2)xT, where d,., to d.,

pwm WO

respectively denote the first to fifth largest ones of the duty

cycle values (d,-ds). For example, under the circumstance
where d,>d,>d;>d,>d,, d, ., ~d,, d,, ;~d,, d;,,~d5, d,,;,=d;,

1s#
ds,;,=d,. Tl:[(l_dl)/z]Xprmﬂ TZZ[(dl_dZ)/z]Xprmﬂ I'3=
1's=[(d;y—d,)/2]x

[(dz_ds)/z]Xprm: T4:[(d5_d3)/2]><Tp
I, and T¢=(d,/2)xT,,,.

Referring to FIGS. 5 to 9 and Table 1 above, 1n this

— —=
embodiment, one of the vectors (V,'-V.') of each second

switching sequence 1s 1dentical to one of the zero vectors

WAFRL 2

(V,, Vo) of the first switching sequence, and the duration

—n
thereof equals a sum of the durations of the zero vectors (V4

—
V) of the first switching sequence; another two non-adja-

— —=
cent ones of the vectors (V,'-V') of each second switching

sequence are each identical to the same one of the active

== =~
vectors (V,-V;) of the first switching sequence, and a sum of

the durations thereof equals the duration of said the same

— —
one of the active vectors (V,-Vi) of the first switching
e =
sequence; and remaining ones of the vectors (V,-V.') of

cach second switching sequence are respectively identical to
= =
remaining ones of the active vectors (V,-V;) of the first
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switching sequence, and the durations thereotf respectively
equal the durations of said remaining ones of the active

vectors (V,-V;) of the first switching sequence.
In this embodiment, for a first one of the second switching
sequences within the early portion of the PWM period as

exemplified 1n FI1G. 6, the vector (\7;') 1s 1dentical to the first

——
vector (V,) of the first switching sequence, and has the

— —
duration of T,'=T,+T,; the non-adjacent vectors (V,', V')

—
are each identical to the second vector (V,) of the first
switching sequence, and respectively have the durations of

T,'=T1,/2 and T,'=T1,/2; and the remaining vectors (\7}-\7;')

are respectively 1dentical to the third to fifth vectors (V;-VZ)
of the first switching sequence, and respectively have the
durations of T,'=T,, T./'=T, and T/=T..

In this embodiment, for a second one of the second
switching sequences within the early portion of the PWM

—
period as exemplified 1n FIG. 7, the vector (V') 1s 1dentical
—
to the last vector (V) of the first switching sequence, and
—
has the duration of T4'=T,+T; the non-adjacent vectors (V',

. —>
V,') are each 1dentical to the third vector (V) of the first
switching sequence, and respectively have the durations of

T,'=T,/2 and T,'=T,/2; and the remaining vectors (\7;', \7;',

V') are respectively 1dentical to the second, fourth and fifth

—_— @ —= —=

vectors (V,, V,, V) of the first switching sequence, and
respectively have the durations of T,=T,, T,=1, and
T/ =T..

In this embodiment, for a third one of the second switch-
ing sequences within the early portion of the PWM period as

exemplified 1n FI1G. 8, the vector (\7;') 1s 1dentical to the first

—
vector (V,) of the first switching sequence, and has the

—_— —»
duration of T,'=T,+T; the non-adjacent vectors (V,', V')

—
are each 1dentical to the antepenultimate vector (V,) of the
first switching sequence, and respectively have the durations

of T,=1,/2 and T/=1,/2; and the remaining vectors (\7;
V', V') are respectively 1dentical to the second, third and

fifth vectors (V,, V,, V) of the first switching sequence, and
respectively have the durations of T,'=T,, T,=1, and
T/ =T..

In this embodiment, for a fourth one of the second
switching sequences within the early portion of the PWM

period as exemplified 1 FIG. 9, the vector (V') 1s 1dentical
to the last vector (?6) of the first switching sequence, and

—
has the duration of T;'=T,+T; the non-adjacent vectors (V,/,

g —>
V') are each 1dentical to the penultimate vector (V5) of the

first switching sequence, and respectively have the durations

of T,=T5/2 and T;'=14/2; and the remaining vectors (V;'-
V") are respectively identical to the second to fourth vectors

(V,-V,) of the first switching sequence, and respectively
have the durations of T,'=T,, T,'=1; and T5'=T,.

It should be noted that the durations of the two non-
adjacent vectors of each second switching sequence that
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correspond to the same vector of the first switching sequence
are the same in this embodiment, but may be different 1n
other embodiments.

Referring to FIGS. 2 to 4, in this embodiment, the
selecting module 25 includes an estimating unit 251 and a
selecting unit 252.

The estimating unit 251 1s coupled to the sequence
generating module 24 for recerving the first and second
switching sequences therefrom, and 1s coupled further to the
reference generating module 21 for receiving the reference
values (r,-r;) therefrom. The estimating unit 251 estimates,
based on the first and second switching sequences and the
reference values (r,-r:), a plurality of current harmonic
distortion factors respectively for the first and second
switching sequences. The current harmonic distortion factor
(I1,,-;) corresponding to the first switching sequence may
be estimated according to the following equation:

Iuprl =
Ml M+1 i - 5
Zferr,m= E [—f Cat* Vin =Cy-[r1 2 rs oo ry]” df]
m=1 = L I'm 2

6
T
Cs- V

1 AI°
= —-f m —Cs-|r 2 r3 rq 15| || dr
— L Jr, 2

6
(IHDFI — Z ffrr,m

m=1

1n this embodiment),

in this embodiment),

and the current harmomnic distortion factor (I,,,) corre-
sponding to each second switching sequence may be esti-
mated according to the following equation:

Iupry =

M+1 1 — 7 2
i ’ T
E lerran = E — f Cag - Vm — Cy -[Fl Fa 13 ... FM] dt
m=1 L T;;i 2

6 : . 2
({upr2 = ffrr,m — § (_ ' df]
; — L Jr, 2

1n this embodiment),

—

! T
Cs-V, —Cs-[r; rp r3 rq rs

in this embodiment),
where L denotes an inductance of the five-phase load 100,

"cosl)  cosf  cos2f ...
sin0  sinf sin28 ...
cosl) cos2f cosdd ...

Cy 1s an (M-1)-by- M matrix and equals% | sin  sin28  sindf ...
cosl) cos3f cosbo ...
sin0  sin38 sinb6d ...

( (cosO  cosf)  cos2f cos36 cosdl] )
2 | sin0  sinf  sin?@ sin36 sindd
Cs = —- 1n this embodiment|,
3 | cosO cos20 cosdf@ cosbf cosBf
\ sinl)  sin28  sindf  sinbf  sind6 )
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in this embodiment), and 0=27/M (0=27/5 1n this embodi-
ment). For example, under the circumstance where
d,>d,>d.>d,>d,, the current harmonic distortion factor
(I;r7;) corresponding to the first switching sequence 1s
estimated according to the following equation:

T2
rs]|ladr +

1
Igpr1 = 'f”CS'[OGOOO]T—CS'
T

17115

”Cﬁ[l 000 D]T—CS'[FI Fa Fa Fgq Fs ||2df+

il B
.Y

ICs-[1 100 0] =Cs- rS]T||§dr+

e~ —
Y

ICs-[1100 1) -=Cs- rS]Tllgdr+

e~ =
.

2
ICs-[1 110 1) =Cs-[ry ra r3 rq rs]’|l5de +

il
o

ICs-[1111 17 =Cs- rs17 |l5dt,

e~ =
o

the current harmonic distortion factor (1,4, ) corresponding,
to the first one of the second switching sequences 1s esti-
mated according to the following equation:

T2
rs| |l;dt +

1
fHDF2=Z'f ICs-[L 0000 =Cs-[r) 12 13 14
T.I'

ICs-[0000 0] =Cs- rs1TI5dr +

e~ =
ro

ICs-[1 000 0] =Cs- rS]TnidH

| —
e

ICs-[11000] -Cs- rS]Tn%dH

il B
P!

ICs-[1 100 1] =C;s- rs1TI5ds +

1 =
=

] —

2
I1Cs-[1110 1) -Cs- rs)’|5dr,

and so on.

The selecting unit 252 1s coupled to the sequence gener-
ating module 24 for receiving the first and second switching
sequences therefrom, 1s coupled further to the estimating
unit 251 for recerving the current harmonic distortion factors
therefrom, and 1s coupled further to the output generating
module 26. The selecting unit 252 compares the current
harmonic distortion factors, and selects one of the first and
second switching sequences that corresponds to a minimum
one of the current harmonic distortion factors to serve as the

selected switching sequence for the output generating mod-

ule 26.
Referring to FIGS. 10 and 11, in this embodiment, during,

the PWM period that has the duration ot T,,,,,, the PWM
signals (y,-ys) change over time, and sequentially corre-

spond to the first vector (\7; or \7;') of the selected switching,

—

sequence for the duration of T, or T, the second vector (V,
—=

or V,") of the selected switching sequence for the duration T,

— —
or T,', .. .soon and so forth to the last vector (V. or V')
ol the selected switching sequence for the duration of T, or
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— E—
T', the last vector (V¢ or V') of the selected switching

sequence for a duration of T" or T, the penultimate vector

—_— =

(Vs or V') of the selected switching sequence for a duration
—
of T.," or T."™, ... so on and so forth to the first vector (V,

—
or V,") of the selected switching sequence for a duration of

T," or T,"™, and so do the PWM signals (y;-ys). When the
first switching sequence 1s selected, the second correspon-

dence of the PWM signals (v, -v<) to the first vector (\7;) lasts
tor the duration of T,"=(1-d,,)x1,,,,,~-1,=T,, the second
correspondence of the PWM signals (y,-ys) to the second

vector (\7;) lasts for the duration of T,"=T,, the second
correspondence of the PWM signals (v,-v<) to the third

vector (V) lasts for the duration of T,"=T5, the second
correspondence of the PWM signals (y,-y5) to the tourth

vector (\7;) lasts for the duration of T,"=T,, the second
correspondence of the PWM signals (y,-y<) to the pentu-

liamte vector (V) lasts for the duration of T "=T., and the
second correspondence of the PWM signals (y,-y5) to the

—
last vector (V) lasts for the duration of T "=T,. When the
selected switching sequence 1s any one of the second switch-
ing sequences, the second correspondence of the PWM

signals (y,-vs) to the vectors (V?‘-V;') last the durations of

T, to T,", respectively, with the durations of T,™ to T/
defined as follows. When the first one of the second switch-
ing sequences 1s selected, T,"=T,", T,"=(1-d, A+ds )x
prm—thsztj 'j[‘-?,'l"l'l:’j[‘-fj'l‘j T4'":T4'j TS'I‘H:TS'I' and T6'I‘H:T6'|“
When the second one of the second switching sequences 1s
selected, T,"=T,", T,,"'=T,', T;""=T", T,M"=T1,, T,"=1;"'and
I"=(1-d, +ds, )T, —Ts=1s. When the third one of the
second switching sequences 1s selected, T,"'=(1-d, +d- )%
prm_Tl':Tltj TZH':TZ'j T3'":T3'5 T4”':T4'j TS'I'H:TS'I' and
T,"=T,". When the fourth one of the second switching
sequences 1s selected, T,"=T,', T,""=T,', T;"=1,", T,"=T1/,
T"M=(1-d,,+ds,)xT,,,, -1s=1s" and T "=T4. For
example, under the circumstance where d,>d,>d.>d,>d,,
the PWM signals (y,-y) that are generated when the first
switching sequence shown 1n FIG. 5 1s selected are depicted
in FIG. 10, and the PWM signals (y,-y-) that are generated
when the third one of the second switching sequences shown
in FIG. 8 1s selected are depicted in FIG. 11.

It should be noted that: (a) as exemplified 1n FIG. 10, the
first switching sequence corresponds to that each PWM
signal (y,-Ys, Y{-V<) transitions two times during the PWM
period; (b) as exemplified in FIG. 11, each second switching,
sequence corresponds to that each of at least two comple-
mentary ones of the PWM signals (y,-vs, Y,-Ys) does not
transition during the PWM period, and that each of remain-
ing ones of the PWM signals (y,-Ys. ¥,-Vs) transitions at least
two times during the PWM period; and (¢) a total number of
the transitions during the PWM period when any one of the
at least one second switching sequence 1s selected equals a
total number of the transitions during the PWM period when
the first switching sequence 1s selected (1.e., 4xM (twenty in
this embodiment)).

In this embodiment, as exemplified in FIG. 11, each
second switching sequence corresponds to that each of two
complementary ones of the PWM signals (y, -y, v;-Y5) does
not transition during the PWM period, that each of another
two complementary ones of the PWM signals (y,-Vs, Y{-Vs)

transitions four times during the PWM period, and that each

5

10

15

20

25

30

35

40

45

50

55

60

65

12

of the other ones of the PWM signals (Y,-Ys, ¥;-Ys) transi-
tions two times during the PWM period.

As a result, the phase currents (1_,-1_,,) are AC phase
currents that have substantially the same fundamental fre-
quency of 1, and substantially the same peak amplitude, and
an m” one thereof lags a first one thereof by substantially
[72x(m-1)]° 1n phase, where 2=m=5.

Referring to FIGS. 2 to 4 and 12, a control method
performed by the controller 2 includes the following steps
(A-C).

In step (A), the sequence generating module 24 generates
the first and second switching sequences based on the duty
cycle values (d,-ds).

In step (B), based on the first and second switching
sequences and the reference values (r,-r:), the selecting
module 25 selects, to serve as the selected switching
sequence, one of the first and second switching sequences
that 1s determined to make the phase currents (1 _,-1_,,) have
the lowest total harmonic distortion.

In this embodiment, step (B) includes the following
sub-steps (B1-B3).

In sub-step (B1), the estimating umt 251 estimates, based
on the first and second switching sequences and the refer-
ence values (r,-r.), the current harmonic distortion factors
respectively for the first and second switching sequences.

In sub-step (B2), the selecting unit 252 compares the
current harmonic distortion factors.

In sub-step (B3), the selecting unit 252 selects one of the
first and second switching sequences that corresponds to the
minimum one of the current harmonic distortion factors to
serve as the selected switching sequence.

In step (C), the output generating module 26 generates the
PWM signals (v,-Ys, ¥;-Ys) based on the selected switching
sequence.

3With the predetermined reference phase voltage curves
having the same peak amplitude of 0.5xV . and the same
fundamental frequency of 1,=60 Hz, a spectrum of one of the
phase currents (1_.-1,,,) under a predetermined circumstance
where the first switching sequence 1s always selected 1s
depicted 1n FIG. 13, and the spectrum of said one of the
phase currents (1_,-1_»,) 1n this embodiment 1s depicted in
FIG. 14. It 1s known from FIGS. 13 and 14 that harmonics
of said one of the phase currents (i,,-1_,) around 10* Hz to
10° Hz are lower in this embodiment than those under the
predetermined circumstance.

FIG. 15 illustrates the relationship between the total
harmonic distortion of the phase currents (1_,-1_,,) and the
peak amplitude of the predetermined reference phase volt-
age curves (normalized to the input voltage (V , )) under the
predetermined circumstance and that 1in this embodiment. It
1s known from FIG. 135 that, when the peak amplitude of the
predetermined reference phase voltage curves 1s 0.5xV ,
the total harmonic distortion of the phase currents (1_,-1_x)
in this embodiment 1s reduced by 22% as compared to that
under the predetermined circumstance.

In view of the above, since the controller 2 generates a
plurality of switching sequences that correspond to the same
total number of the transitions of the PWM signals (v, -Ys, Y+-
v<) during the PWM period, and since the controller 2
generates the PWM signals (Y,-Ys, Y{-Ys) based on one of the
switching sequences that 1s determined to make the phase
currents (1_.-1,,,) have the lowest total harmonic distortion,
the total harmonic distortion of the phase currents (1_,-1_,)
may be reduced without increasing the carrier frequency.

It should be noted that, 1n other embodiments, M may be
an integer that 1s greater than two and that 1s other than five.
In an example where M=3, the first switching sequence may




US 9,831,802 Bl

13

—
be {V,, V,, V., V,} and the second switching sequences
—_— —= —= — —_— —2 —== —

may respectively be {V,, V,, V,, V5}, 1V, V,, V5, V, 1
IV, V,, Vs, V,}and {V,, V5, V,, V51 In another example

— —

where M=7, the first switching sequence may be {V,, V,,

— == == == == ==

Vi, Vi, Vi, Vi, Vo, Ve, and the second switching sequences

—_— —= —= —= —= —= —= —

may respectively be {\72, V,V,, V., V,, V., V., V.1 IV,
VZ? VS: Vﬁl: VS: V6: V?ﬂ VS}: {Vlﬂ V2: VS: V4: VS: V6a V?: V6}

— —» == = — —= — —>

and {V,, V5, V,, Vo, Vi, Vo, Vg, V1L

In the description above, for the purposes of explanation,
numerous speciiic details have been set forth in order to
provide a thorough understanding of the embodiment. It waill
be apparent, however, to one skilled in the art, that one or
more other embodiments may be practiced without some of
these specific details. It should also be appreciated that
reference throughout this specification to*““‘one embodiment,”
“an embodiment,” an embodiment with an indication of an
ordinal number and so forth means that a particular feature,
structure, or characteristic may be included 1n the practice of
the disclosure. It should be further appreciated that in the
description, various Ifeatures are sometimes grouped
together 1 a single embodiment, figure, or description
thereol for the purpose of streamlining the disclosure and
aiding 1n the understanding of various mventive aspects.

While the disclosure has been described in connection
with what 1s considered the exemplary embodiment, it 1s
understood that the disclosure 1s not limited to the disclosed
embodiment but 1s intended to cover various arrangements
included within the spinit and scope of the broadest inter-
pretation so as to encompass all such modifications and

equivalent arrangements.

What 1s claimed 1s:

1. A driving apparatus used to drive a multi-phase load,
said driving apparatus comprising;:

an 1nverter used to recerve an input voltage, and receiving

a plurality of pulse width modulation (PWM) signals,

said mnverter converting, based on the PWM signals, the

input voltage into a plurality of output voltage signals
that are used to drive the multi-phase load; and
a controller including

a sequence generating module receiving a plurality of
duty cycle values, and generating a first switching
sequence and at least one second switching sequence
based on the duty cycle values,

a selecting module coupled to said sequence generating
module for receiving the first and second switching
sequences therefrom, said selecting module select-
ing, to serve as a selected switching sequence, one of
the first and second switching sequences that is
determined to make a plurality of phase currents
which flow through the multi-phase load due to the
output voltage signals have lowest total harmonic
distortion, and

an output generating module coupled to said selecting
module for receiving the selected switching
sequence therefrom, and coupled further to said
inverter, said output generating module generating
the PWM signals for said inverter based on the
selected switching sequence, each of the PWM sig-
nals being transitionable between a first state and a
second state;
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wherein the first switching sequence corresponds to that
cach of the PWM signals transitions two times during,
a PWM period of the PWM signals;

wherein each of the at least one second switching
sequence corresponds to that each of at least two of the
PWM signals does not transition during the PWM
period, and that each of remaining ones of the PWM
signals transitions at least two times during the PWM
period; and

wherein a total number of the transitions occurring in the

PWM signals during the PWM period when any one of
the at least one second switching sequence 1s selected
equals a total number of the transitions occurring in the
PWM signals during the PWM period when the first
switching sequence 1s selected.

2. The driving apparatus of claim 1, wherein each of the
at least one second switching sequence corresponds to that
cach of two of the PWM signals does not transition during
the PWM period, that each of another two of the PWM
signals transitions four times during the PWM period, and
that each of the other ones of the PWM signals transitions
two times during the PWM period.

3. The driving apparatus of claim 1, wherein:

the first switching sequence includes a plurality of vectors

which are arranged sequentially, a first one and a last
one of which are zero vectors, and remaining ones of
which are active vectors; and

cach of the at least one second switching sequence

includes a plurality of vectors which are sequentially
arranged, one of which 1s i1dentical to one of the zero
vectors of the first switching sequence, another two
non-adjacent ones of which are each 1dentical to a same
one of the active vectors of the first switching sequence,
and remaining ones of which are respectively 1dentical
to remaining ones of the active vectors of the first
switching sequence.

4. The driving apparatus of claim 3, wherein:

cach of the vectors of the first and second switching

sequences has a respective duration; and

for each of the at least one second switching sequence, the

duration of said one of the vectors thereof equals a sum
of the durations of the zero vectors of the first switching,
sequence, a sum of the durations of said another two
non-adjacent ones of the vectors thereol equals the
duration of said the same one of the active vectors of
the first switching sequence, and the durations of said
remaining ones ol the vectors thereof respectively
equal the durations of the remaining ones of the active
vectors of the first switching sequence.

5. The driving apparatus of claim 3, wherein for one of the
at least one second switching sequence, said one of the
vectors thereof 1s a second one of the vectors thereof, and 1s
identical to the first one of the vectors of the first switching
sequence, and said another two non-adjacent ones of the
vectors thereot are respectively a first one and a third one of
the vectors thereol, and are each 1dentical to a second one of
the vectors of the first switching sequence.

6. The driving apparatus of claim 3, wherein for one of the
at least one second switching sequence, said one of the
vectors thereof 1s a last one of the vectors thereof, and 1s
identical to the last one of the vectors of the first switching
sequence, and said another two non-adjacent ones of the
vectors thereot are respectively a first one and a third one of
the vectors thereot, and are each i1dentical to a third one of
the vectors of the first switching sequence.

7. The driving apparatus of claim 3, wherein for one of the
at least one second switching sequence, said one of the
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vectors thereof 1s a first one of the vectors thereof, and 1s
identical to the first one of the vectors of the first switching
sequence, and said another two non-adjacent ones of the
vectors thereol are respectively an antepenultimate one and
a last one of the vectors thereof, and are each 1dentical to an
antepenultimate one of the vectors of the first switching
sequence.

8. The driving apparatus of claim 3, wherein for one of the
at least one second switching sequence, said one of the
vectors thereol 1s a penultimate one of the vectors thereof,
and 1s 1dentical to the last one of the vectors of the first
switching sequence, and said another two non-adjacent ones
of the vectors thereol are respectively an antepenultimate
one and a last one of the vectors thereof, and are each
identical to a penultimate one of the vectors of the first
switching sequence.

9. The driving apparatus of claim 1, wherein said selecting
module 1ncludes:

an estimating unit coupled to said sequence generating
module for receiving the first and second switching
sequences therefrom, said estimating unit estimating a
plurality of current harmonic distortion factors respec-
tively for the first and second switching sequences; and

a selecting umit coupled to said sequence generating
module for receiving the first and second switching
sequences therefrom, coupled further to said estimating,
umt for recerving the current harmonic distortion fac-
tors therefrom, and coupled further to said output
generating module, said selecting unit comparing the
current harmonic distortion factors, and selecting one
of the first and second switching sequences that corre-
sponds to a minimum one of the current harmonic
distortion factors to serve as the selected switching
sequence for said output generating module.

10. A controller used to control an 1nverter to convert an
input voltage into a plurality of output voltage signals for
driving a multi-phase load, said controller comprising:

a sequence generating module recerving a plurality of
duty cycle values, and generating a first switching
sequence and at least one second switching sequence
based on the duty cycle values;

a selecting module coupled to said sequence generating,
module for receiving the first and second switching
sequences therefrom, said selecting module selecting,
to serve as a selected switching sequence, one of the
first and second switching sequences that 1s determined
to make a plurality of phase currents which flow
through the multi-phase load due to the output voltage
signals have lowest total harmonic distortion; and

an output generating module coupled to said selecting
module for receiving the selected switching sequence
therefrom, said output generating module generating,
based on the selected switching sequence, a plurality of
pulse width modulation (PWM) signals which are used
to control the 1inverter, and each of which 1s transition-
able between a first state and a second state;

wherein the first switching sequence corresponds to that
cach of the PWM signals transitions two times during
a PWM period of the PWM signals;

wherein each of the at least one second switching
sequence corresponds to that each of at least two of the
PWM signals does not transition during the PWM
period, and that each of remaining ones of the PWM
signals transitions at least two times during the PWM
period; and

wherein a total number of the transitions occurring 1n the
PWM signals during the PWM period when any one of
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the at least one second switching sequence 1s selected
equals a total number of the transitions occurring 1n the

PWM signals during the PWM period when the first

switching sequence 1s selected.
11. The controller of claim 10, wherein each of the at least
one second switching sequence corresponds to that each of

two of the PWM signals does not transition during the PWM
period, that each of another two of the PWM signals
transitions four times during the PWM period, and that each

of the other ones of the PWM signals transitions two times
during the PWM period.

12. The controller of claim 10, wherein:

the first switching sequence includes a plurality of vectors

which are arranged sequentially, a first one and a last
one of which are zero vectors, and remaining ones of
which are active vectors; and

cach of the at least one second switching sequence

includes a plurality of vectors which are sequentially
arranged, one of which 1s 1dentical to one of the zero
vectors of the first switching sequence, another two
non-adjacent ones of which are each 1dentical to a same
one of the active vectors of the first switching sequence,
and remaining ones of which are respectively 1dentical
to remaining ones of the active vectors of the first
switching sequence.

13. The controller of claim 12, wherein:

cach of the vectors of the first and second switching

sequences has a respective duration; and

for each of the at least one second switching sequence, the

duration of said one of the vectors thereof equals a sum
of the durations of the zero vectors of the first switching
sequence, a sum ol the durations of said another two
non-adjacent ones of the vectors thereof equals the
duration of said the same one of the active vectors of
the first switching sequence, and the durations of said
remaining ones ol the vectors thereof respectively
equal the durations of the remaining ones of the active
vectors of the first switching sequence.

14. The controller of claim 10, wherein said selecting
module includes:

an estimating unit coupled to said sequence generating

module for receiving the first and second switching
sequences therefrom, said estimating unit estimating a
plurality of current harmonic distortion factors respec-
tively for the first and second switching sequences; and

a selecting umt coupled to said sequence generating

module for receiving the first and second switching
sequences therelrom, coupled further to said estimating,
unit for recerving the current harmonic distortion fac-
tors therefrom, and coupled further to said output
generating module, said selecting unit comparing the
current harmonic distortion factors, and selecting one
of the first and second switching sequences that corre-
sponds to a minimum one of the current harmonic
distortion factors to serve as the selected switching
sequence for said output generating module.

15. A control method for controlling, using a controller, an
inverter to convert an mput voltage into a plurality of output
voltage signals for driving a multi-phase load, said control
method comprising steps of:

generating, by the controller, a first switching sequence

and at least one second switching sequence based on a
plurality of duty cycle values;

selecting to serve as a selected switching sequence, by the

controller, one of the first and second switching
sequences that 1s determined to make a plurality of
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phase currents which flow through the multi-phase load
due to the output voltage signals have lowest total
harmonic distortion; and

generating based on the selected switching sequence, by
the controller, a plurality of pulse width modulation
(PWM) signals which are used to control the inverter,
and each of which 1s transitionable between a first state
and a second state;

wherein the first switching sequence corresponds to that
cach of the PWM signals transitions two times during
a PWM period of the PWM signals;

wherein each of the at least one second switching
sequence corresponds to that each of at least two of the
PWM signals does not transition during the PWM
period, and that each of remaining ones of the PWM
signals transitions at least two times during the PWM
period; and

wherein a total number of the transitions occurring 1n the
PWM signals during the PWM period when any one of
the at least one second switching sequence 1s selected
equals a total number of the transitions occurring 1n the
PWM signals during the PWM period when the first
switching sequence 1s selected.

16. The control method of claim 15, wherein each of the

at least one second switching sequence corresponds to that
cach of two of the PWM signals does not transition during
the PWM period, that each of another two of the PWM

signals transitions four times during the PWM period, and

that each of the other ones of the PWM signals transitions
two times during the PWM period.

17. The control method of claim 15, wherein:

the first switching sequence includes a plurality of vectors
which are arranged sequentially, a first one and a last
one of which are zero vectors, and remaiming ones of
which are active vectors; and
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cach of the at least one second switching sequence
includes a plurality of vectors which are sequentially
arranged, one of which 1s i1dentical to one of the zero
vectors of the first switching sequence, another two
non-adjacent ones of which are each 1dentical to a same
one of the active vectors of the first switching sequence,
and remaining ones of which are respectively 1dentical
to remaining ones ol the active vectors of the first
switching sequence.

18. The control method of claim 17, wherein:

cach of the vectors of the first and second switching
sequences has a respective duration; and

for each of the at least one second switching sequence, the
duration of said one of the vectors thereof equals a sum
of the durations of the zero vectors of the first switching
sequence, a sum of the durations of said another two
non-adjacent ones of the vectors thereof equals the
duration of said the same one of the active vectors of
the first switching sequence, and the durations of said
remaining ones ol the vectors thereol respectively
equal the durations of the remaining ones of the active
vectors of the first switching sequence.

19. The control method of claim 15, wherein the step of

selecting includes sub-steps of:

estimating a plurality of current harmonic distortion fac-
tors respectively for the first and second switching

sequences;
comparing the current harmonic distortion factors; and

selecting one of the first and second switching sequences
that corresponds to a minimum one of the current
harmonic distortion factors to serve as the selected

switching sequence.
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